INTRODUCTION
The Safe Drinking Water Act and amendments apply to public water supply systems. Private water supply wells, such as domestic wells that serve single residences, are not subject to any aspect of regulation associated with the Safe Drinking Water Act, including standards for operation, testing and conformance with the maximum contaminant levels set for public health protection. Use of such wells is common in rural areas.
Recent revision of the standard for arsenic in public drinking water supplies followed debate about the health benefits of reducing the standard from the current 50 ppb concentration. The 50 ppb standard was adopted from a US 10.2166/wh.2005.044 Public Health Service guideline, as part of the development of the Safe Drinking Water Act in 1976, without the weight of evidence, rigour of literature review and cost benefit analysis that characterizes current approaches to determining maximum contaminant levels in public drinking water supplies. The health risks associated with chronic exposure to sub-acute concentrations of arsenic in drinking water have been discussed at length in several documents developed to support revision of the maximum contaminant level (NRC 1999 (NRC , 2001 . Health effects include cancer and non-cancer effects.
In rural areas, small urban centres are often surrounded by dispersed residences. Those living in urban centres may be served by public water supplies, while outlying homes rely on private domestic wells. Because of economies of scale and federal and state requirements, public water systems may provide water that is of substantially different quality from that obtained from private wells (Focazio et al. 2000) , even if water is withdrawn from the same aquifer.
Approximately 25,000 people reside in Churchill County, Nevada. Of these, an estimated 11,500 are served by 16 public water supplies. The remainder, in an estimated 5,500 households, rely on private domestic water supplies (personal communication, Churchill County Planning Department, 2002) . High concentrations of arsenic in water in the county have been the subject of many locally published newspaper articles. Seventy-five articles in the county's single newspaper between 1997 and 2002 discussed arsenic concentrations in water supplies, primarily related to the financial burden for local public water supplies to meet the new standard. In addition, at the time that this study was conducted federal and state agencies were investigating an abnormally high number of cases of acute lymphocytic leukaemia among residents of the county (CDC 2003) . Investigations included analysis of existing data and collection of new samples to represent quality of environmental media that could be associated with the illness, including water (Seiler 2004) . Investigators repeatedly noted that no evidence existed to link arsenic with cases of the illness, but also pointed out that arsenic concentrations were excessive in public supplies and urged residents to seek alternatives until effective treatment could be applied (CDC 2003) .
Arsenic in groundwater in Churchill County is from natural sources, primarily eroded volcanic rock accumulated in alluvial deposits and geothermal sources. Concentrations in the largest public water supply (which serves the county seat, Fallon) exceed 100 ppb (Maurer et al. 1994 ).
Fallon's public supply relies on a basalt aquifer and concentrations are fairly consistent. Treatment recently installed will substantially reduce concentrations to levels that comply with the new standard.
Studies of water quality report that arsenic concentrations are likely to vary significantly throughout the county, because of heterogeneous subsurface lithology, mineralogy and geothermal influences (Lico and Seiler 1994; Fitzgerald 2004) . Private wells are primarily installed at two classes of depth in a very disjoint system of alluvial aquifers (Maurer et al. 1994) . The alluvial aquifers are classified as shallow (, 15 m in depth from the land surface) and intermediate (15 -300 m in depth from the land surface) (Glancy 1986 ). Concentrations of arsenic vary substantially spatially, but in general have been found to be elevated relative to the 10 ppb MCL (Seiler 2004) .
The types of treatment system available for removing arsenic are limited for home application. Reverse osmosis has been found to be highly effective for reducing concentrations of arsenic (Lin et al. 2002) . At the time of the study, the National Sanitation Foundation (www.nsf. com) certified two types of home treatment system for arsenic removal. These included reverse osmosis and distillation units. Other techniques have proven to be effective, including nanofiltration, ion exchange and coprecipitation units (Waypa et al. 1997; Viraraghavan et al. 1999) . However, at the time of study, household-scale units of these types were not certified for removing arsenic from home water supplies.
This study examined exposure to arsenic in water supplies provided to county residents by private domestic wells. It investigated concentrations in tap water and household consumption habits. It also investigated the prevalence of application of treatment units and compared concentrations of arsenic in tap water samples among subsets of the sampled population. These included households with treated and untreated tap water and households where participants reported consuming treated and untreated tap water. The distinction between these subsets is based on the observation that householders may choose to avoid tap water for consumption, regardless of whether treatment is applied. A respondent was considered to consume water if they indicated that they drank or made beverages with tap water.
METHODS
The questionnaire requested information about application of treatment devices. The choices included many that were not certified to be effective in removing arsenic for home use by the National Sanitation Foundation in 2002. Respondents were asked whether they treated and were asked to select the type of treatment from a list that included reverse osmosis and distillation (both of which were certified by the National Sanitation Foundation for arsenic removal), and several types of carbon-based filtration system, simple filtration systems, softeners, pH neutralizers and several types of disinfection system (Benson 2003) . The other systems are effective for mitigating chemical, microbiological and aesthetic problems, but were not certified for arsenic removal. If respondents reported that they applied any type of treatment, they were considered to treat private supplies prior to delivery at the tap.
The study area was approximately 583 square kilometres and excluded the service districts of public water supplies, the largest of which served the city of Fallon 
RESULTS AND DISCUSSION

Sampled and general population characteristics
The sample consisted of 351 respondents, from sampled households dispersed throughout the county (Figure 1) .
Comparison with data obtained during the 2000 US Census (www.census.gov) indicated discrepancies between the sample and population characteristics of county residents who were excluded from the study because they were served by public water supplies. These included under-representation of those who rented rather than owned homes (8.8% of sample, vs. 18.8% reported for the county), proportions of 18 -30-year-old respondents (4.3% of sample, vs. an estimated 14.2% reported for the county) and proportions of males versus females (41% of respondents were males, vs.
51% reported for the county) (Benson 2003) .
Tap water sample results
Arsenic concentrations in tap water samples were highly varied, as would be expected given the heterogeneous nature of the aquifers used for private domestic supplies (Glancy 1986; Lico et al. 1986; Maurer et al. 1994) . The maximum, median and minimum concentrations of arsenic found in all samples (n ¼ 351) were 2,100 ppb, 26 ppb and , 3 ppb (the limit of detection), respectively. The distribution of sample concentrations (Figure 2) Figure 3 .
Likelihood of consumption and exposure given treatment
The results suggest that application of treatment effectively lowers the likelihood of exposure to concentrations of arsenic greater than 10 ppb. They also indicate, however, that those who treated supplies were more likely to consume tap water. This suggests the possibility that treatment did not reduce risk of exposure to concentrations greater than 10 ppb, given that those who applied treatment appeared to be more likely to consume tap water than those who did not apply treatment and that the median concentration of water consumed by those who treat is 12 ppb (Table 1) . We tested these hypotheses using 2 £ 2 contingency tables to estimate odds ratios of likelihood of consumption given treatment and likelihood of consuming greater than 10 ppb of arsenic in tap water given treatment.
The results confirmed the observation that those who applied treatment were more likely to consume than those who did not treat. A respondent was approximately 6.2 times more likely to consume tap water if treatment were in place (95% confidence bounds of 3.0-12.9) relative to those who did not treat. Treatment also appeared to decrease the chances that a respondent would consume water with more than 10 ppb of arsenic relative to those who consumed water but did not treat. Those who applied treatment and consumed water were approximately 0.3 times as likely to consume arsenic in concentrations of . 10 ppb (95% confidence bounds of 0.2-0.5) than those who did not apply treatment. This reflects the difference in distributions of concentrations shown in Figure 3 and indicates that treatment is likely to reduce exposure to concentrations in excess of 10 ppb, although samples taken from approximately half the treated sources exceeded 12 ppb (Table 1) .
CONCLUSIONS
Results of the survey indicated that a majority of those who rely on private water supplies in this rural Nevada county were consuming water with concentrations of arsenic that exceeded the standard of 10 ppb for arsenic in public drinking water supplies. In addition, a minority applied treatment. In spite of publicity about arsenic and its occurrence in groundwater in the county, a majority of householders sampled appeared to ignore risks associated with consumption and did not take precautions to reduce the risks.
We speculate that this paradox (ample information about the potential for water to contain high concentrations of arsenic, coupled with the high prevalence of consumption and low prevalence of treatment systems) may be the result of a lack of local evidence that long-term exposure through consumption leads to health problems. This hypothesis may be related, in part, to length of residence in the county (median residence time for respondents was 24 years) and a lack of perceived health effects associated with long-term consumption of the water. Anecdotally, many survey respondents commented that they had been consuming water from wells with high concentrations of arsenic for extended periods (often decades). They further commented that they had not noticed adverse effects attributable to drinking water on their health or the health of acquaintances and friends. This perceived lack of health effects corresponds with what has been referred to as a lack of signal (Slovic 1987) . If long-term exposure is not perceived to be associated with illness, especially among older established residents of the community, residents are likely to believe that risks of consuming water with excessive concentrations of arsenic (relative to the 10 ppb MCL) are minimal.
Although treatment in general appears to decrease the risk of being exposed to high concentrations of arsenic, application of any treatment appears to encourage con- Rural areas throughout the United States have populations that rely on private wells for household water supply. Regionally, arsenic from natural sources may occur in concentrations that are above the pending federal standard for public water supplies. This includes areas in the arid west, especially associated with iron-rich aquifer materials and the influences of geothermal waters . In areas where concentrations of arsenic have been demonstrated to be high, it may be important to conduct a focused educational effort for private well owners to ensure that they take steps needed to assess and reduce risks associated with contaminants found in tap water, including arsenic. We note that in Churchill County, Nevada, the county newspaper printed ample news about arsenic concentrations in groundwater and representatives of federal agencies investigating occurrence of acute lymphocytic leukaemia noted that arsenic levels in water supplies were a concern.
Although these types of information could be expected to raise awareness about occurrence of arsenic in groundwater supplies used by householders, they do not represent a 
